Background
==========

In the 1990s two large hospital cohort studies in the UK and a population-based Australian cohort study drew attention to the significant burden of physical ill health among women in the year after giving birth \[[@B1]-[@B3]\]. Common experiences highlighted by these studies include back pain, exhaustion, urinary and anal incontinence, constipation, haemorrhoids and persisting perineal pain. There is also mounting evidence regarding changes affecting women\'s sexual health during and after pregnancy \[[@B3]-[@B5]\], and about the impact of intimate partner violence on childbearing women \[[@B6]-[@B8]\].

This research heightened awareness of the extent of maternal morbidity after childbirth and contributed to debate concerning the contribution of pregnancy and birth events to longer term health outcomes, such as prolonged perineal pain and dyspareunia, urethral and anal sphincter damage, genital prolapse, and urinary and anal incontinence \[[@B9]-[@B15]\]. There is now a growing literature comparing maternal health outcomes following spontaneous and operative vaginal births with elective and emergency caesarean section.

Despite an increasing number of studies examining obstetric risk factors for individual morbidities such as urinary and anal incontinence, evidence concerning risks associated with operative vaginal birth and caesarean section remains inconclusive. Limitations of the existing literature include: lack of study power for assessing key obstetric exposures (e.g. method of birth) or mediating factors (e.g. perineal trauma); study designs that do not facilitate reliable identification of incident cases, i.e. the onset of symptoms during pregnancy or the first few months after giving birth; inadequate follow-up periods (few studies extend beyond 6--12 months postpartum); and a tendency to focus on individual morbidities, such as urinary incontinence or anal incontinence, ruling out assessment of combined morbidities or a more comprehensive assessment of women\'s general health following childbirth.

The Maternal Health Study is a longitudinal cohort study investigating the health and well-being of nulliparous women during pregnancy and after the birth of their first child. Recruitment to the study commenced in 2003 and was completed in December 2005. The study is designed to address gaps in current research evidence regarding women\'s physical and psychological health and recovery after childbirth. In the first phase of the study women are being followed from early pregnancy (≤20 weeks gestation) through to 18 months postpartum. Women consenting to participate in extended follow-up (phase 2) will be followed up six and twelve months after any subsequent births, and when their first child is four years old. This paper outlines the study methods and design considerations for phase 1 of the study.

Methods/design
==============

Aims
----

Specific aims in phase 1 of the study are:

1\. To measure the incidence and natural history (onset, severity, and duration) of maternal health problems, in particular urinary incontinence, anal incontinence, perineal pain, sexual health issues, and depression among women having their first child.

2\. To explore the contribution of obstetric risk factors; in particular obstructed labour, method of birth, and degree of perineal trauma, to postpartum health problems, taking into account early pregnancy health status.

3\. To investigate reasons for non-disclosure of maternal health problems, and for the limited use of primary and specialist health services for specific postpartum health issues.

Study hypotheses
----------------

Pre-specified study hypotheses are:

1\. That vaginal birth assisted by forceps or vacuum extraction is an independent risk factor for incident cases of urinary incontinence, anal incontinence, persisting perineal pain and sexual problems after birth.

2\. That both mediolateral episiotomy and midline episiotomy are independent risk factors for incident cases of urinary incontinence, anal incontinence, persisting perineal pain and sexual problems after spontaneous vaginal birth.

3\. That mediating factors for urinary incontinence, anal incontinence, persisting perineal pain and sexual problems after spontaneous and assisted vaginal births include fetal size (≥ 4000 grams), maternal size (≤ 150 cm, BMI ≥ 30), length of labour, partogram evidence of obstructed labour, lithotomy position or upright position of the mother during late labour and birth, and non-suturing of perineal tears.

4\. That these mediating factors will differ in their strength of association with urinary incontinence, anal incontinence, persisting perineal pain and sexual problems leading to new hypotheses about causal pathways.

5\. That the number and severity of physical health problems in the year after birth will increase the probability of women becoming depressed or remaining depressed.

6\. That socio-economic factors such as low income, single marital status and non-English speaking background will increase the probability of women becoming depressed or remaining depressed, taking obstetric history into account.

7\. That women who have not disclosed health problems to their GP or specialist obstetrician will be willing to discuss the reasons for non-disclosure in a telephone interview.

8\. That the reasons for non-disclosure will include: the perception that the problem is \'natural\', to be expected after childbirth, too embarrassing to discuss, not a medical problem, or that nothing can be done about it; fear of medical tests and investigations; fear of surgery; fear that treatment might make it worse; fear that treatment might create new problems; fear that the problem will not be regarded as a significant health issue by health professionals.

9\. That socio-economic factors such as low income, single marital status, and non-English speaking background will decrease the probability of women experiencing physical and emotional health problems disclosing these health problems to primary and specialist health professionals.

Sample
------

Recruitment of nulliparous women booking to give birth at five metropolitan public hospitals in Melbourne, Australia commenced in April 2003. Participating hospitals have a mix of high and low risk perinatal services. Two hospitals are tertiary level centres with neonatal intensive care (NICU) facilities.

Eligibility criteria for the cohort are: age ≥18 years; nulliparity; estimated gestation 10--20 weeks of pregnancy (according to date of last menstrual period or ultrasound) at enrolment; sufficient proficiency in English to complete telephone interviews and written questionnaires. Criteria for exclusion after study enrolment are: spontaneous abortion prior to 20 weeks gestation; ectopic pregnancy; termination of pregnancy prior to 20 weeks gestation. Women who experience a multiple pregnancy, a stillbirth or neonatal death or a serious maternal illness (e.g. psychotic illness, severe pre-eclampsia) will not be excluded from participation in the cohort, but may be excluded from some analyses.

Sample size
-----------

Sample size calculations were conducted using Epi Info Version 5 based on prevalence estimates for primary outcomes derived from a population-based Victorian survey of recent mothers \[[@B16]\]. Table [1](#T1){ref-type="table"} shows power calculations for the study with alpha of 0.5 and beta of 0.20, assuming ratios of:

###### 

Sample size calculations

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Exposure comparison (ratio of unexposed: exposed)**           **Outcome of interest**   **Difference**       **Sample size estimate**   **Total number required\***
  --------------------------------------------------------------- ------------------------- -------------------- -------------------------- -----------------------------
  **Spontaneous vaginal birth:forceps/vacuum extraction (2:1)**   Urinary incontinence\     11% versus 18%\      930\                       1200\
                                                                  Faecal incontinence\      2.6% versus 8%\      642\                       800\
                                                                  Sexual problems\          24% versus39%\       360\                       450\
                                                                  Perineal pain             20% versus 53%       168                        210

  **Emergency caesarean:forceps/vacuum extraction (1:2)**         Urinary incontinence\     7% versus 18%\       371\                       950\
                                                                  Faecal incontinence\      3.9% versus 10.5%\   573\                       1500\
                                                                  Sexual problems           29% versus 39%       841                        2200

  **Elective caesarean:forceps/vacuum extraction (1:5)**          Urinary incontinence\     2.4% versus 18%\     276\                       900\
                                                                  Faecal incontinence\      2.8% versus 10.5%\   763\                       2500\
                                                                  Sexual problems           27% versus 39%       938                        3100
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------

\* Taking into account the relative frequency of different methods of delivery

• 2:1 (unexposed:exposed) for comparison of spontaneous vaginal births with operative vaginal births;

• 1:2 for comparison of emergency caesarean sections with operative vaginal births; and

• 1:5 for comparison of elective caesarean sections with operative vaginal births.

These ratios were based on routinely collected data for women giving birth in Victoria in 1999. Since the five study hospitals are all public hospitals and nulliparity was an eligibility criterion for the study, the ratios were calculated based on confinements of women admitted as public patients for the birth of their first child.

Using these parameters and allowing for 20% loss to follow-up by 18 months postpartum, we estimated that a sample of 1,900 women would be sufficient to test the hypothesis that primiparous women having an operative vaginal birth have a twofold greater relative risk of developing urinary incontinence, faecal incontinence and sexual problems compared with women having a spontaneous vaginal birth, and to detect a relative risk of 2.0 for urinary incontinence for all exposure comparisons.

### Recruitment procedures

The estimated number of women giving birth at the five study hospitals prior to study commencement was 12,700 per annum (based on confinements in 1998/99). At the two tertiary level hospitals (accounting for 8,000 births per annum) approximately 40% of births are to women born overseas of non English speaking background, about half of whom were expected to have insufficient proficiency in English to fulfil the eligibility criteria. A minority of confinements at participating hospitals in 1998/99 (2.1%) were to women receiving care as private patients. Based on these figures and allowing for 10% of women booking after 18 weeks gestation (overlapping to a degree with non-English speaking women), we anticipated it would take approximately 20 months to recruit the cohort assuming a response fraction of around 40%.

The main method of recruitment is via mailed invitation facilitated by the study hospitals. Procedures have been established at each hospital to facilitate: (i) identification of eligible women using hospital data systems; (ii) regular weekly or fortnightly mail-outs to eligible women booking in the preceding week or fortnight; and (iii) weekly or fortnightly follow-up reminder cards for women who have not enrolled two weeks after the original mail-out. The invitation package contains: (i) a brief information leaflet explaining the purpose of the study and inviting women to take part; (ii) a plain language statement with further detail about the study and study consent forms; (iii) the first study questionnaire (Q1); (iv) a sheet for recording contact details, and (v) a reply paid envelope for returning the questionnaire, study consent form and contact details to the research team based at Mother & Child Health Research (MCHR), La Trobe University. The information package includes the names and phone numbers of research team members for queries, and gives the contact number for hospital and/or the La Trobe University Ethics Committee, in case any recipient wished to obtain more information or make a complaint. Recruitment procedures were piloted at each study hospital in late 2002 and early 2003. Different procedures for identifying eligible women and handling the mailing out of the invitation packages and reminders were developed to suit each site.

Follow-up procedures
--------------------

Following receipt of the baseline questionnaire (Q1) and signed consent form women are mailed a study postcard which acknowledges receipt of the first questionnaire, thanks them for joining the study, and provides a further copy of contact phone numbers for members of the research team. Participating hospitals are notified of all new enrolments, in order for this information to be flagged in hospital data systems. Information regarding births to study participants or any relevant adverse events (e.g. pregnancy losses, admission of baby to NICU, neonatal deaths) is provided by each study hospital to the project data manager on a regular basis.

All contact with study participants after enrolment is managed by the research team based at MCHR. In phase 1 of the study, follow-up is scheduled to occur at: 30--32 weeks gestation, and at three, six, nine, 12 and 18 months postpartum using a combination of self-administered questionnaires and telephone interviews (see Figure [1](#F1){ref-type="fig"}). Participant contact details and the names, addresses and phone numbers of alternate contact/s are checked and updated at each telephone interview (30--32 weeks gestation, and at nine months postpartum).

![Flow chart summarising data collection in phase 1 of the Maternal Health Study.](1471-2393-6-12-1){#F1}

At each questionnaire follow-up, study participants are mailed a copy of the relevant questionnaire, a covering letter, and a reply paid envelope for returning the questionnaire to the research team. Mailed reminders are sent to women who have not returned a scheduled follow-up questionnaire two weeks after mail-outs at three, six, 12 and 18 months postpartum. Further follow-up of women who have not returned a questionnaire four weeks after the original mailing is undertaken by phone by one of the two project co-ordinators.

Telephone interviews at 30--32 weeks gestation and nine months postpartum are conducted by a small team of trained female interviewers using computer assisted telephone interview techniques (CATI). Interviews are arranged at times to suit participants, with up to eight attempts made to contact women in order to complete an interview.

Ethical issues
--------------

The key ethical issues in this study are:

• a worthwhile question in terms of the size of the population affected, and associated morbidity, quality of life and resource implications

• informed consent to participation in the study, and for information to be obtained from hospital medical records, with the proviso that consent may be withdrawn at any time, and that care provided by hospitals and other agencies will not be influenced by decisions about participation

• an adequate sample size to detect clinically important differences in outcome associated with the method of birth

• acceptability of the study instruments and study procedures to participants

• safe-guarding confidentiality of data.

Study procedures for inviting women to participate were designed to give women detailed information about all aspects of the study. As some of the issues covered in study questions are potentially of a personal or sensitive nature, we wanted to ensure that women were made aware of this before consenting to take part. The first study questionnaire which covers symptoms during early pregnancy and prior to pregnancy was included in the invitation package so that women would be fully acquainted with the types of issues covered by the study before giving their written consent to participate. Study materials emphasised that participants were welcome not to answer particular questions if that was their preference, and the telephone interviewers were trained to reinforce this information prior to commencing each interview.

Study procedures, information materials, self-administered questionnaires and interview schedules were piloted to assess acceptability and relevance, and to ensure that any problems relating to the clarity of instructions and explanations were sorted out prior to commencing each stage of follow-up.

Signed consent was sought separately for information to be obtained from individual hospital medical records regarding pregnancy complications, events during labour and birth, and any postnatal complications, including re-attendances at the study hospital after discharge.

A detailed study protocol was developed outlining procedures for managing recruitment and follow-up (available from the investigators on request), which also became the manual for training research staff working on the study. A separate written study protocol was developed as a guide for research staff conducting telephone interviews. All interviewers are female, and women were informed of this in information materials prior to joining the study.

Procedures for safeguarding the confidentiality of participants include: storage of questionnaires and medical records data abstraction forms in a secure location; separation of names and contact details from data, password protected computer access. All staff working on the study are required to sign a statement confirming that they will adhere to study procedures regarding confidentiality.

Ethics approval for the study has been granted by the La Trobe University Human Research Ethics Committee, and by the Human Research Ethics Committees of the Royal Women\'s Hospital, Southern Health and Angliss Hospital.

Data collection
---------------

A combination of mailed questionnaires and telephone interviews is being used to maximise disclosure of health problems during pregnancy and follow-up. Study instruments incorporate assessment of the frequency and severity of urinary and bowel symptoms, sexual health issues, perineal and abdominal pain, depression and intimate partner violence using previously validated standardised questions where possible. Questions about urinary symptoms (stress, urge and mixed incontinence) are based on instruments previously validated in Australian, Scandinavian and UK populations \[[@B17]-[@B20]\]. Assessment of bowel symptoms (leakage of solid or liquid stool, faecal urgency) is based on questions adapted from validated instruments used in Australian community prevalence studies \[[@B21]-[@B23]\]. Items on sexual health include questions previously used in the Australian Study of Health and Relationships \[[@B24]\], the Longitudinal Australian Women\'s Health Study \[[@B25]\] and a recent UK study of women\'s sexual health after childbirth \[[@B5]\]. Postnatal pain is being assessed using questions adapted from the McGill Pain Questionnaire \[[@B26]\], and the Brief Pain Inventory \[[@B27]\].

The SF-36 is incorporated in questionnaires in early pregnancy, and at six and 12 months postpartum to provide a general measure of health and well-being to be compared with reporting of specific health problems \[[@B28]\]. Assessment of emotional well-being is being made using the Edinburgh Postnatal Depression Scale (EPDS) and the mental health domain of the SF-36. The EPDS is incorporated in questionnaires in early pregnancy and at three, six, 12, and 18 months postpartum. The EPDS was developed to avoid problems with somatic and social items (eg. change of appetite, sleep disturbance) in other standard measures of depression that cannot be interpreted as morbidity in women with a small baby. It has been found to have good sensitivity and specificity when assessed against psychiatric diagnosis of depression in three studies conducted in the UK, and a small Australian validation study \[[@B29],[@B30]\].

The questionnaire at 12 months postpartum incorporates a validated scale to assess intimate partner abuse (shortened Composite Abuse Scale). The shortened CAS comprises eighteen items of actions by a partner that constitute emotional or physical abuse. For each item, women are asked how frequently a specific behaviour has happened to them during the last twelve months. The scale consists of three dimensions -- Emotional Abuse, Physical Abuse and Harassment \[[@B31]\]. During pregnancy and at each follow-up after the birth, two items from the longer version of this scale have been included to identify women who are currently afraid of a partner, or who have ever been afraid of any partner.

Assessment of pre-pregnancy health status is incorporated in the baseline questionnaire (Q1) and telephone interview conducted at 30--32 weeks (CATI 1). Data on socio-demographic characteristics, maternal weight and BMI are being collected in the baseline and follow-up questionnaires.

Information is also being collected on: women\'s general health and recovery after childbirth; contacts with health services, including primary care and specialist services; physical activity and \'time-out\' (when someone else takes care of the baby); practical and emotional support, household composition, partners\' involvement in parenting and difficulties in intimate partner relationships; participation in paid work, study and access to paid and unpaid maternity leave.

No urodynamic or other physiological investigations are being undertaken because of the potential negative impact on participation and retention of the cohort, and because the study is focusing on symptom-defined problems.

Pregnancy and birth outcome data will be obtained by medical record review (with women\'s written consent) according to a detailed written protocol. Women\'s own accounts of events in pregnancy, labour and birth are being collected in the first two study questionnaires (Q1 & Q2) and telephone interview (CATI 1). Key variables include: method of birth; length of labour; duration of pushing; evidence of obstructed labour; use of epidural, spinal or general anaesthesia; birth position, position of fetus in labour, fetal presentation, degree of perineal and other genital tract trauma, gestation, infant birthweight, and head circumference. Information will also be collected on reproductive history; pregnancy and postnatal complications; and re-attendances at the hospital within six months of the birth. A random 10% sample of medical records will be independently reviewed by two research staff. Final coding will be determined by consensus, with re-checking of the medical record if required. Discrepancies that are not readily able to be resolved in this way will be discussed and resolved at regular team meetings with senior investigators. A record will be kept of all coding discrepancies, and notes taken regarding the rationale for final coding. A further 5% random sample of medical records will be independently re-reviewed to quantify the extent and nature of coding discrepancies.

Data analysis plan
------------------

For aim 1 (incidence, severity and duration of maternal health problems):

▪descriptive frequencies and 95% confidence intervals will be calculated for outcomes of interest at baseline and each follow-up, with stratification to determine the extent of clustering of morbidities and to control for timing of onset of symptoms (prior to pregnancy, during pregnancy, after the birth).

For aim 2 (contribution of pregnancy and birth events to subsequent morbidity):

▪proportions of women reporting outcomes of interest by method of birth (spontaneous vaginal births, forceps assisted vaginal births, vacuum extraction, elective caesarean section, emergency caesarean section) and other obstetric risk factors, including: prolonged first stage labour, fetal position during labour, evidence of obstructed labour in second stage; duration of pushing; fetal presentation at delivery, maternal birth position; use of epidural, spinal or general anaesthesia; degree of perineal trauma; infant birthweight; head circumference; gestation at delivery.

▪multivariable analysis will be undertaken to assess the extent to which method of birth makes an independent contribution to each outcome variable, and to combined morbidity (eg. combined faecal and urinary incontinence). Covariates will include significant labour and birth events, timing of onset of symptoms (pre-pregnancy/during pregnancy/post birth), maternal age and maternal height and early pregnancy BMI. A series of stratified and logistic regression analyses will be performed to validate model choices against stratified data. Generalised linear mixed modelling to take account of repeated measures will be used to determine the effect over time on the associations between health outcomes and covariates.

For aim 3 (reasons for non-disclosure of morbidity to health professionals): descriptive frequencies for prevalent cases will be reported for formal and informal help-seeking and treatment, and for non-disclosure at baseline and each follow-up. Analysis will take into account socio-economic background, the severity and duration of maternal health problems, general health status (SF-36) and extent of co-morbidity.

Assessment of the representativeness of the sample in terms of obstetric and social characteristics will be conducted by comparing study participants with routinely collected Victorian Perinatal Data for births at participating hospitals, and all Victorian births, corresponding with the recruitment period. This will provide an estimate of the representativeness of the sample in terms of exposures of main interest (e.g. method of birth), and covariates (e.g. mothers\' age, marital status, country of birth, infant birthweight).

Discussion
==========

Changes to the protocol after commencement of recruitment in April 2003
-----------------------------------------------------------------------

Based on the experience of the pilot phase, it became apparent that our projection that 40% of eligible women would consent to participate on the basis of a mailed invitation was optimistic. A number of additional strategies which aimed to increase participation were implemented from mid 2003 onwards. These included: (i) research team members regularly attending booking clinics at two study hospitals, and \'early-bird\' prenatal education classes at a third hospital (which did not have a booking clinic), in order to foreshadow the invitation to take part in the study and answer any questions women had regarding participation; (ii) inclusion of a study leaflet containing a brief outline of the study in the information packages sent to women by participating hospitals prior to their first antenatal visit; (iii) mailing information about the study to general practitioners and specialist obstetricians who provide shared care at participating hospitals and asking them to display materials about the study in waiting areas. We also regularly met with midwives at participating hospitals and produced a six-monthly newsletter to provide information for clinical staff about the study, and ensure that they knew how to contact the research team throughout the period of recruitment. We ruled out adding a second mailed reminder, as we did not want to place women under pressure to participate given the long term nature of follow-up and sensitive nature of some issues covered in questionnaires and interviews.

Our original aim had been to complete recruitment over a 20--24 month period. One of the participating hospitals ceased bookings for maternity care from early 2004. A new hospital within the same network opened in late 2004; we obtained approval to commence recruiting women from this hospital in June 2005. This affected our recruitment to a minor extent. Ultimately recruitment was completed over a two and a half year period, April 2003- December 2005.

Strengths and limitations of the study
--------------------------------------

Features of the study which distinguish it from prior research include: the capacity to identify incident cases of morbidity and clustering of health problems; a large enough sample to detect clinically important differences in maternal health outcomes associated with the method of birth; careful exposure measurement involving manual abstraction of data from medical records in order to explore mediating factors and possible causal pathways; and use of a variety of strategies to improve ascertainment of health outcomes such as faecal incontinence, perineal pain and sexual health issues. The latter include use of standardised instruments and questions already tested in prior research with re-piloting to assess acceptability and validity for Victorian women and comparison of results from self-administered questionnaires and telephone interviews.

The rationale for restricting eligibility to women who have reached a minimum of 10 weeks gestation was to limit the number of women enrolling in the study who subsequently experience an early pregnancy loss (spontaneous or induced abortion). Restricting eligibility at enrolment to women who are ≤20 weeks gestation was intended to ensure that data on health status in early pregnancy are available for the whole cohort. A second rationale is to limit the potential for recall bias affecting responses to questions concerning pre-pregnancy health status. A conception cohort would be a more robust design for collection of information on symptoms prior to pregnancy, but in practice is difficult to achieve. The Longitudinal Study of Australian Women (Women\'s Health Australia) which includes a cohort of younger women recruited at age 18--23 years in 1996, who have now been followed up on two occasions since 1996, has not been designed to facilitate identification of women in the early stages of pregnancy and/or at the time of giving birth \[[@B25]\]. The difficulty and costs of keeping track of a necessarily very large cohort and facilitating follow-up of a sub-sample who become pregnant present major obstacles in designing a study with a capacity to collect information from women immediately preceding and after conception.

The fact that recruitment to the study has been lower than anticipated means that there is increased potential for selection bias related to our primary outcomes. Detailed information on medical conditions, surgical procedures, and symptoms prior to pregnancy has been collected in the baseline questionnaire. Women who report medical conditions, such as Crohn\'s disease, ulcerative colitis or chronic renal disease that may predispose women to primary outcomes being assessed in the study will be excluded from analyses assessing obstetric risk factors. We will also compare the prevalence of prior medical conditions and symptoms reported by study participants with data from community prevalence studies with respect to urinary and bowel symptoms as a check for evidence of selection bias.

Exclusion of women first attending for pregnancy care at \>20 weeks gestation is expected to have a minor impact on the representativeness of the sample. A population-based study conducted by the Victorian Perinatal Data Collection Unit (VPDCU) in 1998 showed that 81.5% of women have their first antenatal visit in the first trimester, and less than 10% attend for a first visit later than 20 weeks \[[@B32]\]. Exclusion of women with insufficient fluency in English to complete written questionnaires and telephone interviews is likely to have greater impact on the representativeness of the sample as approximately 40% of women giving birth at the two tertiary level hospitals during the study period were born overseas in countries where English is not the first language. The restriction of recruitment to women attending public hospitals is a further limitation, especially as it is plausible that differences in the way that care is managed in the private sector (e.g. greater likelihood that labour will be induced and/or augmented, and a higher proportion of women giving birth by caesarean section) may have an impact on maternal health outcomes. Funding constraints and issues of feasibility prevented us from extending the study to these groups.

Analysis considerations
-----------------------

A major challenge in planning analyses assessing causal pathways is the extent to which obstetric risk factors are linked, and the associated difficulty in analysis of sorting out the impact of method of birth (as the \'exposure of main interest\') from other exposure and treatment effects. Recently there has been much debate about the possible benefits of elective caesarean section in protecting women\'s pelvic floor and preventing urinary incontinence \[[@B9]-[@B12]\]. Although sample size calculations for the study were not based on comparisons of spontaneous vaginal birth with elective caesarean section, the study will have adequate power for this comparison. Additional file [1](#S1){ref-type="supplementary-material"} (table 2) and [2](#S2){ref-type="supplementary-material"} (table 3) provide a summary of pregnancy and birth cohort studies which have assessed the role of obstetric factors for urinary incontinence in pregnancy and after childbirth. Most of the included studies with data on operative births report that caesarean section is protective against urinary incontinence after childbirth compared with vaginal birth \[see [Additional File 1](#S1){ref-type="supplementary-material"} and [Additional File 2](#S2){ref-type="supplementary-material"}\]. However, few of these studies incorporate comprehensive assessment of obstetric risk factors. Only half of the included studies obtained information on obstetric events by reviewing medical case notes \[[@B34]-[@B36],[@B38],[@B42],[@B45],[@B47],[@B49],[@B50],[@B52]-[@B54]\], and two of these studies relied in part on information obtained from computerised records \[[@B53],[@B54]\]. Many studies do not differentiate women who have an emergency caesarean section in labour from those having an elective caesarean section prior to commencement of labour \[[@B36],[@B38]-[@B40],[@B46],[@B48],[@B51]-[@B54]\]. Less than half include measures of fetal or infant size \[[@B34]-[@B36],[@B45],[@B47],[@B48],[@B53],[@B54]\], maternal size (height, pre-pregnancy BMI) \[[@B34],[@B36],[@B48],[@B50],[@B52]-[@B54]\], or genital tract trauma \[[@B34],[@B45],[@B47]-[@B49],[@B52]-[@B54]\], and only a handful of studies include data on use of analgesia and anaesthesia \[[@B43],[@B50],[@B52]-[@B54]\], fetal position in labour \[[@B35],[@B39],[@B50]\] or maternal position in second stage \[[@B53]\]. In contrast, duration of second stage labour is commonly collected as a proxy variable for obstructed labour \[[@B33]-[@B36],[@B39]-[@B41],[@B43],[@B48]-[@B51],[@B53],[@B54]\]. Inconsistencies in the way information on length of labour is recorded, and lack of data on other indicators of possible obstructed labour (e.g. position of the fetus, descent of the fetal head) make it difficult to interpret this data.

In summary, the striking features of this literature are: the lack of consistency in the approaches to data collection taken by different research groups, and the limited extent to which variables related to events in labour other than method of birth have been taken into consideration. Many studies included in Tables 2 and 3 also have inadequate study power for examining obstetric risk factors \[[@B33]-[@B35],[@B40],[@B43]-[@B45],[@B48]-[@B50]\].

Two recently published papers by Glazener et al \[[@B53]\] and MacArthur et al \[[@B54]\] drawing on data from a large multi-centre prospective birth cohort are a welcome addition to this literature. Both papers report carefully conducted analyses for incident cases of morbidity considering a broader range of obstetric and maternal risk factors, including maternal age and BMI. Glazener and colleagues focus on primiparous women at three months postpartum distinguishing between women whose incontinence commenced in pregnancy and those who developed symptoms after giving birth to their first child, while MacArthur et al report on persistent incontinence six years after the index birth adjusting for first delivery mode, maternal age at first birth, and parity. One limitation of this study is that identification of incident cases (onset of symptoms in pregnancy or after birth) is reliant on maternal recall at three months postpartum.

In the Maternal Health Study the baseline survey completed in early pregnancy includes detailed questions regarding urinary and other symptoms: (i) \'at any stage in your life before the current pregnancy\' and (ii) in the twelve months prior to the pregnancy. We have also asked separately about childhood enuresis and relevant medical conditions and prior surgery. Detailed information on a comprehensive list of obstetric covariates is being collected from hospital medical records and will be supplemented by women\'s own accounts of events in labour and birth collected in the questionnaire completed at three months postpartum (Q2). This will enable us to look at variables that are poorly recorded or not available in medical records. For example, we have included questions in Q2 regarding maternal position and method of pushing in active second stage labour. We are also endeavouring to collect information from medical records regarding the timing of events in labour, for example, time of administration of epidural or spinal analgesia/anaesthesia and time that women commenced pushing in second stage labour. Precise definitions have been developed and pilot tested for all obstetric data items being collected from medical records and Q2.

The first step in analysis will be to assess data quality to identify variables that are poorly or inconsistently recorded in medical records and/or women\'s accounts of labour and birth events. One aspect of this will be to assess the extent of agreement between data collected in self-administered questionnaires and information abstracted from hospital medical records for pregnancy and birth events.

Figure [2](#F2){ref-type="fig"} provides a schematic overview of key covariates that will be considered in analysis. The arrows represent possible causal associations between covariates based on available epidemiological evidence regarding obstetric risk factors for maternal morbidity. Planning analyses using causal acyclic diagrams has been advocated by Greenland and others as a useful strategy for identifying variables that may mediate or moderate the relationship between an exposure of main interest and primary health outcome/s \[[@B55],[@B56]\]. Figure [2](#F2){ref-type="fig"} illustrates the complexity of possible causal pathways and relationships between obstetric risk factors for maternal morbidity. Considering our hypothesis that vaginal birth assisted by forceps or vacuum extraction is an \'independent\' risk factor for urinary incontinence, the diagram illustrates the multiple covariates and combinations of covariates preceding the delivery and subsequent to delivery that may mediate the relationship between the mode of birth and the outcome of urinary incontinence. To take one example, the estimated size of the fetus as large for gestational age might lead directly to the decision to conduct an elective caesarean section, or alternatively, via a range of possible pathways to obstruction in second stage labour and a vaginal birth assisted by forceps or vacuum extraction or an emergency caesarean section. A number of other factors may influence the outcome, including the position of the fetus in second stage labour, length of time in active second stage, whether or not an episiotomy is cut and the extent of other genital tract trauma. The conventional statistical approach -- used by many researchers -- of adjusting for those covariates such as infant size for which data are available is likely to lead to erroneous conclusions. This is not only because data are rarely available for the full range of covariates illustrated in Figure [2](#F2){ref-type="fig"}, but also because such analyses fail to consider the complex range of possible pathways involved. Simple adjustment for fetal size assumes that the impact will be the same irrespective of other aspects of labour and birth. Biologically this seems somewhat implausible given the extra pressure on the pelvic floor associated with a long labour and large baby often in occipito-posterior position. While these other factors can also be adjusted for in analysis, it may be more useful to conduct separate analyses restricted to women who do and do not experience labour. This is likely to yield less biased estimates of effect for specific causal pathways \[[@B57]\]. The timing of onset of symptoms (and symptom resolution) presents further challenges in analysis. Separate stratified analyses will be performed for incident and prevalent cases of morbidity.

![**Association chain graph for postnatal maternal health outcomes**● Exposure of main interest ● Other key covariates](1471-2393-6-12-2){#F2}

Abbreviations
=============

BMI Body mass index

CAS Composite abuse scale

CATI Computer assisted telephone interview

CS Caesarean section

EPDS Edinburgh Postnatal Depression Scale

MCHR Mother & Child Health Research

NICU Neonatal intensive care unit

OP Occipito-posterior

PP Postpartum

Q1 Questionnaire 1

SF-36 Short Form 36, Health status measure

SVB Spontaneous vaginal birth

UI Urinary incontinence

USI Urinary stress incontinence

UUI Urinary urge incontinence

VE Vacuum extraction
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**Table 2 Pregnancy cohort studies assessing role of obstetric risk factors for urinary incontinence in pregnancy and after childbirth**. The table provides a structured summary of study design, methods, sample, outcome measures, exposure measures and analyses for pregnancy cohort studies assessing obstetric risk factors.
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**Table 3 Birth cohort studies assessing role of obstetric risk factors for urinary incontinence in pregnancy and after childbirth.**The table provides a structured summary of study design, methods, sample, outcome measures, exposure measures and analyses for birth cohort studies assessing obstetric risk factors.
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